Abstract: Thin-walled spread foundations are used in coastal projects where the soil strength is relatively low. Developing a predictive model of bearing capacity for this kind of foundation is of interest due to the fact that the famous bearing capacity equations are proposed for conventional footings. Many studies underlined the applicability of artificial neural networks (ANNs) in predicting the bearing capacity of foundations. However, the majority of these models are built using conventional ANNs, which suffer from slow rate of learning as well as getting trapped in local minima. Moreover, they are mainly developed for conventional footings. The prime objective of this study is to propose an improved ANN-based predictive model of bearing capacity for thin-walled shallow foundations. In this regard, a relatively large dataset comprising 145 recorded cases of related footing load tests was compiled from the literature. The dataset includes bearing capacity (Q u ), friction angle, unit weight of sand, footing width, and thin-wall length to footing width ratio (L w /B). Apart from Q u , other parameters were set as model inputs. To enhance the diversity of the data, four more related laboratory footing load tests were conducted on the Johor Bahru sand, and results were added to the dataset. Experimental findings suggest an almost 0.5 times increase in the bearing capacity in loose and dense sands when L w /B is increased from 0.5 to 1.12. Overall, findings show the feasibility of the ANN-based predictive model improved with particle swarm optimization (PSO). The correlation coefficient was 0.98 for testing data, suggesting that the model serves as a reliable tool in predicting the bearing capacity.
Introduction
Foundations are generally categorized into deep and shallow (spread) foundations. The use of the latter is recommended from the economic perspective if the subsurface condition is good enough (Gibbens and Briaud, 1995) . Nevertheless, bearing capacity and allowable settlement of foundations are of great concern to geotechnical engineers (Momeni et al., 2013) . The former is often referred to a maximum load that the soil can tolerate before its failure. A number of researchers (Terzaghi, 1943; Meyerhof, 1963; Vesic, 1973) formulated bearing capacity theory, which for reasons of brevity is not repeated here as it is well established.
However, in the recent past, the use of skirted shallow foundations, or in other words thin-walled spread foundations, is highlighted in several studies. In this regard, Al-Aghbari and Mohamedzein (2004) as well as Eid et al. (2009) mentioned that providing skirts (thin-walls) for the spread foundation forms an enclosure in which the soil is confined. They hypothesized that the existence of such walls results in transferring the foundation loads to the laterally confined soil and then to the deeper sand layers that are more confined than shallow layers due to an increase in overburden pressure. Providing thinwalls for foundations can increase the total depth of failure and change the failure pattern of the soil which may lead to more shear strength mobilization.
Al-Aghbari and Mohamedzein (2004) reported the increase in bearing capacity by a factor in the range of 1.5 to 3.9 when skirt foundations are used instead of simple (surface) foundations. In another study, Al-Aghbari and Dutta (2008) addressed an increase in the bearing capacity from 11.2% to 70% due to incorporation of structural skirts.
Eid (2013) mentioned that incorporation of skirts leads to significantly higher bearing capacity. According to his conclusion, depending on thin-wall length to footing width ratio (L w /B), thin-walled foundations exhibited 1.4 to 3 times higher bearing capacity in comparison with simple foundations. Nazir et al. (2013) introduced a specific thinwalled spread foundation (Fig. 1 ) suitable for industrialized building systems. Their numerical investigations showed the workability of the aforementioned foundation. Momeni et al. (2015b) reported that the use of a thin-walled spread foundation compared with a surface foundation can increase the bearing capacity by almost twice in both loose and dense sands.
Nevertheless, the fact that famous bearing capacity equations are proposed for conventional spread foundations rather than thin-walled spread foundations encouraged the authors to develop a predictive model of bearing capacity for such footings. As highlighted in the next section, the use of an artificial neural network (ANN) in foundation engineering problems, i.e., bearing capacity, is recommended in many studies (Shahin, 2015) .
However, the majority of the predictive models of bearing capacity are built using a conventional ANN which suffers from getting trapped in local minima and a slow rate of learning. In this regard, several studies reported the use of optimization algorithms, such as the genetic algorithm (GA) and particle swarm optimization (PSO) algorithm, for enhancing the ANN performance (Section 3.4).
In this study, an attempt was made to develop an improved ANN-based predictive model of bearing capacity for thin-walled spread foundations. For this reason, four small scale footing load tests were conducted in the laboratory. The laboratory tests results as well as a relatively large number of related recorded cases of footing load tests compiled from literature formed the required dataset for developing the predictive model proposed in this study.
It is worth mentioning that as far as authors are aware, there is no comprehensive and wellestablished ANN-based predictive model for this kind of foundation (thin-walled spread foundations). Thus, the study presented here is different from previously proposed predictive models of bearing capacity. In addition, the work presented here takes advantage of a relatively large dataset, i.e., 149 recorded cases, which significantly reduces the likelihood of model over fitting (Zorlu et al., 2008) .
Related predictive models
Successful application of a conventional ANN in geotechnical engineering is addressed in many studies (Shahin et al., 2001; Jahed Armaghani et al., 2014; Tonnizam Mohamad et al., 2014) . As tabulated in Table 1 , in foundation engineering, numerous researchers showed the workability of ANNs for predicting either settlement or bearing capacity of foundations. Table 1 also gives the dataset number, the coefficient of determination values, as well as 
